Object. Metastases of multiple myeloma often occur in the cervical spine. These metastases may cause pain and associated spinal instability. The authors report the results of radiotherapy and surgical treatment for myeloma involving the cervical spine. The results of radiation therapy for multiple myeloma metastases to the cervical spine that cause clinical or radiographically documented instability have not been reported previously.
ULTIPLE myeloma is a hematologic malignancy in which clonal B-lymphocyte expansion occurs from terminally differentiated plasma cells. 18, 22 The disease frequently manifests in the spine. Myeloma cells that invade the marrow spaces of the spine induce secretion of osteoclast-activating factors, including interleukins. These interleukins result in production of tumor necrosis factors, which promote further osteolysis. 1, 9 Bone dissolution caused by myeloma often results in pain, but it may also cause compression fractures, spinal instability, or spinal cord compression as a result of deformity or epidural extension of the disease. Treatment options for myeloma of the spine include radiation therapy and surgical intervention. Myeloma is known to be very sensitive to radiotherapy, and this treatment modality is generally used for vertebral body involvement. 10 In the context of spinal instability or neurological deficit from cord compression, however, surgical intervention may be warranted.
Although the cervical spine is the least common site of spinal metastases, the anatomic and biomechanical characteristics of this region present unique treatment challenges. 11, 14 Osseous destruction in the cervical spine may rapidly lead to painful instability, kyphotic deformity, and spinal cord compromise. In addition, instability at the atlantoaxial joint is not easily treated with standard measures used in the subaxial spine, such as vertebrectomy and stabilization. 5, 16, 17 The few reports of surgical treatment outcomes for multiple myeloma in the existing literature generally include results for the entire spinal axis. 4, 11, 12, 25 Given its exquisite sensitivity to radiation, however, multiple myeloma is often treated with palliative radiotherapy, even in the context of instability. There are no reports in the literature regarding the results of radiotherapy alone for myeloma metastases to the cervical spine that cause Multiple myeloma of the cervical spine: treatment strategies for pain and spinal instability clinically or radiographically documented instability. Here we report what is to date the largest series of patients treated with radiation and/or surgery for multiple myeloma metastases to the cervical spine.
Clinical Material and Methods

Patient Population
A retrospective review of patients who had undergone treatment for multiple myeloma involving the cervical spine was performed. Patients who were treated with radiation and/or surgery were included, as were patients with disease at the skull base extending to the cervical spine; those whose disease crossed the cervicothoracic junction were excluded. The patient databases from the Departments of Radiation Oncology and Neurosurgery at the M. D. Anderson Cancer Center were utilized for this study. The Center's neurosurgical database began accumulating patients in 1993, thus we selected this as the start year for patient review. Data for all patients treated between 1993 and 2005 were reviewed in this study. The study design was reviewed and approved by the Institutional Review Board at the University of Texas M. D. Anderson Cancer Center.
Data recorded included demographic information, radiation dates and doses, surgical dates, types of surgical procedures performed, level of disease, radiographic and clinical follow up, level and severity of pain, clinically and radiographically documented spinal instability, spinal cord compression, length of follow up, and survival status.
Treatment Procedures
Patients underwent external-beam radiation under the auspices of the Department of Radiation Oncology at the M. D. Anderson Cancer Center. The procedure selected for surgical stabilization was dependent on the vertebral level or levels involved, as well as anatomic and/or biomechanical considerations.
Outcome Measures
Data regarding clinical outcome after treatment (either radiation therapy or surgery) were ascertained from patient records. Neurological status and resolution of pain were determined on the basis of documented encounters with patients after treatment. Radiographic data were examined for each patient when available. Radiographically documented spinal instability was defined according to Cybulski's guidelines. 3 These guidelines are specific to instability in the context of metastatic disease and include: 1) anterior and middle column destruction (greater than 50% collapse of vertebral body height); 2) collapse of two or more adjacent vertebral bodies; 3) tumor involvement of the middle and posterior columns (possible forwardshearing deformity); and 4) iatrogenic laminectomy with failure to recognize anterior and middle column disease. Posttreatment radiographs were reviewed to determine the status of instability or progression of disease. Progression of spinal instability was defined as any further vertebral body collapse or spinal deformity noted on follow-up radiographs.
Results
Between 1993 and 2005, 35 patients who had undergone treatment for multiple myeloma of the cervical spine were identified. The demographic, radiographic, and treatment results are summarized in Table 1 . The mean patient age was 56 years (range 35-82 years) at diagnostic confirmation of cervical spine metastasis. Twenty-four (69%) patients were male and 11 (31%) were female. The mean follow up occurred at 22.4 months (range 0-128 months). Twenty-five (71%) patients were dead at the time of last follow up, eight (23%) were alive, and two (6%) were of unknown survival status. Twenty-three (66%) patients had radiographic evidence of spinal instability, 10 (28%) had no radiographic evidence of instability, and two (6%) did not have adequate radiographic data to assess instability. Patients with neck pain, radiographically documented instability, and/or possible spinal cord compression were maintained in an external cervical orthosis. Twenty-six (74%) patients had disease only at a single vertebral level, and nine (26%) had disease at more than one level (Table  1 ). Eleven (31%) patients had radiographic evidence of cord compression, 22 (63%) did not, and two (6%) did not have adequate imaging to assess cord compression. Cord compression was a result of bone compromise of the spinal canal caused by pathological compression fracture. There were no cases of epidural compression caused by tumor mass alone. Thirty-one (89%) patients presented with neck pain; four (11%) did not have neck pain, but their disease was detected on baseline neuroimaging studies. No patient presented with an acute neurological deficit, although one patient who underwent surgery and radiation had signs of myelopathy and a severe kyphotic deformity.
Regarding treatment, 27 (77%) patients underwent radiation alone, six (17%) underwent radiation and surgery (two had radiation before surgery, and four had radiation after surgery), and two (6%) underwent surgery alone. All but one patient underwent surgery at the M. D. Anderson Cancer Center. Radiation consisted of fractionated external-beam radiotherapy; the median total dose was 2500 cGy (range 1750-4400 cGy) and the median number of fractions was 10 (range 5-22 fractions). Surgical intervention was variable, depending on the level and extent of disease ( Table 2 ). The two patients who underwent surgery for C1-2 disease had an occipitocervical fusion performed. The majority of patients with disease in the subaxial spine had an anterior corpectomy and fusion performed. All patients wore an external cervical orthosis for a minimum of 3 months, although detailed information on the total duration of external immobilization was unavailable from patient records. The mean delay from diagnosis of cervical spine metastasis to start of treatment (either radiotherapy or surgery) was 13.8 days. The mean delay to radiation in the four patients who had surgery first was 23 days. The mean delay to surgery in the two patients who had radiation first was 24 days.
Nineteen of 27 patients treated with radiation alone experienced documented relief of their neck pain, one patient did not have resolution, and seven patients did not have sufficient clinical follow-up information to determine whether their pain had been resolved. Thus, 19 (95%) of 20 patients with sufficient follow-up data expe-rienced relief of their pain as a result of radiotherapy alone. All six patients treated with both radiation and surgery ultimately experienced relief of their pain. One of two patients who underwent surgery alone had continued neck pain as a result of progression of his disease and failure of his surgical construct. This patient required two additional surgical procedures. The construct failure and need for further surgery precluded the use of radiation in this patient. The other patient who underwent surgery alone experienced resolution of his pain, and it is unclear why radiotherapy was withheld. Two of the eight patients who underwent surgery had more than one procedure due to failure of the initial construct or progression of disease. Radiographic and/or clinical follow up was available for 23 (66%) of 35 patients after treatment. Of these, three had progression of the myelomatous disease in their cervical spines; two of these underwent radiation therapy alone, and disease progression was within the irradiated field. Twenty patients did not have disease progression. Interestingly, of the 23 patients with radiographic evidence of spinal instability, only six were treated with radiation and surgery; 15 were treated with radiation alone. Ten (67%) of these 15 patients had adequate radiographic follow up of at least 6 months' duration. The mean follow up for these 10 patients was 35.4 months (range 6.4-52.2 months). None of these 10 patients had radiographic evidence of progressive instability at follow up, and none required further intervention. There was one patient who had progressive kyphosis two months after radiation therapy. This patient died of systemic complications from myeloma three months after the treatment.
Illustrative Cases
Case 27
This 64-year-old man presented with hip and leg pain, as well as anemia, and was diagnosed with multiple myeloma in 1999. In October 2004, he presented with severe neck pain. Imaging performed at that time revealed a solitary lesion at C-2. Magnetic resonance imaging of the cervical spine demonstrated almost complete replacement of the body of C-2 with tumor (Fig. 1A) . A CT scan of the cervical spine demonstrated disruption of the anterior and posterior cortical surfaces at the origin of the odontoid process (Fig. 1B) . This pathological fracture was consid- ered unstable and the patient received a cervical collar. He underwent external-beam radiotherapy from C-1 to C-4, with a total dose of 2500 cGy in 10 fractions. The patient experienced improvement of his pain during radiation treatment. A follow-up CT scan (Fig. 1C ) obtained 5 months after the completion of radiation therapy demonstrated markedly increased bone density within C-2, suggesting that the pathological fracture was healed. The patient was pain free and his collar was removed. He remained pain free and radiographic images showed spinal stability at a 15-month follow up.
Case 24
This 66-year-old man presented with newly diagnosed myeloma in February 2003. At that time, the patient underwent a skeletal survey, and a lytic abnormality of C-2 was identified. The patient also described neck pain dating back to November 2002. The cervical spine was examined using CT scanning and MR imaging. Computed tomography scans revealed disruption of the cortex at the origin of the odontoid process ( Fig. 2A) . Magnetic resonance imaging showed metastatic tumor involving the majority of the body of C-2 (Fig. 2B) . The patient was subsequently treated with a cervical collar and radiation. His radiation therapy consisted of 3000 cGy in 12 fractions delivered from C-1 to C-3. His pain resolved after radiation treatment. A CT scan obtained 5 months later showed some healing of the fracture line (Fig. 2C) . The patient's cervical collar was ultimately removed 7 months after radiation treatment, and repeated imaging showed the fracture line to be healed. There was no evidence of instability on flexion/extension radiographs (not shown).
Case 22
This 46-year-old man presented with neck and shoulder pain in November of 2002. A lesion at C-5 with retropulsion and slight kyphotic deformity was identified on plain radiography (Fig. 3A) . A CT scan confirmed a destructive lesion with retropulsion of the osseous elements (Fig. 3B ). An MR image revealed disease at multiple levels of his cervical spine (from C-1 to C-7). The patient underwent biopsy of a scapular lesion at the time of presentation, which resulted in a diagnosis of multiple myeloma. Due to his severe neck pain, he was immediately offered radiotherapy. He underwent radiation therapy from C-1 to C-7, consisting of 2500 cGy in 10 fractions, and he received a cervical collar. He experienced significant relief of his neck pain after completion of his radiotherapy. Follow-up imaging revealed no further collapse of C-5 (Fig. 3C) . At last follow up (33 months after his initial presentation), he had no further pain, and imaging revealed his pathological fracture to be stable.
Discussion
In this retrospective review, we show that patients with multiple myeloma metastatic to the cervical spine may benefit from radiotherapy, even in the presence of radiographically documented instability. A palliative benefit was demonstrated in 19 (95%) of 20 patients (with adequate clinical follow up) who experienced significant pain relief with radiotherapy alone. Moreover, radiographic follow up showed that even in patients with significant bone destruction causing instability, treatment with radiation and collar immobilization was able to reduce, and sometimes reverse, the osteolytic appearance within weeks to months after completion of treatment. Patients with unstable pathological fractures were able to heal without the need for surgery. Significantly, some patients with pathological fractures of C-2 (the most common manifestation of myeloma in the cervical spine in this series and others) 11 demonstrated bone remodeling and healing of fracture lines (Figs. 1 and 2 ). This osseous healing correlated well with pain relief in these patients.
Metastatic spine disease is common, occurring in up to 70% of patients with terminal cancer. 20 Spinal metastases may manifest in various ways, with pain being the most common presenting symptom. 17 Structural compromise of vertebral bodies as a result of metastatic disease may lead to pathological fractures, instability, and spinal deformity. 11 Unlike other spinal metastases, which may replace the marrow spaces of bone, multiple myeloma is characterized by active bone resorption. 24 As a result, spinal metastases from multiple myeloma may be more destructive. Indeed, spinal compression fractures occur in 55 to 70% of patients with multiple myeloma. 15 Commonly, these fractures appear unstable and may prompt surgical intervention. Metastasis to the cervical spine is often the first manifestation of multiple myeloma. 11, 12, 23 In general, metastases to the cervical spine may be treated with anterior corpectomy and fusion; 8, 11, 17 however, myeloma metastases should be approached with caution. In two of the eight patients treated surgically (one who underwent radiation treatment and one who did not), the anterior constructs failed, thus requiring further procedures including posterior fixation. Failure of anterior constructs for multiple myeloma of the cervical spine has been reported before, and is likely due to progression of the disease at adjacent levels and/or hardware loosening due to the poor quality of myelomatous bone. 4, 11, 25 None of the patients treated with radiation alone required further intervention after completing radiotherapy. It should be noted, however, that some of these patients died from progressive systemic disease soon after treatment for their cervical spine disease; one of these was known to have early progression of his spinal deformity.
Radiation therapy was the mainstay of treatment for spinal metastases for some time, as early surgical options, usually limited to laminectomy for decompression, were not shown to be of significant benefit. 13, 26 Indications for radiation therapy include radiosensitive tumors, expected survival of less than 3-4 months, poor patient health, total neurological deficit, or diffuse spinal disease. Surgical options have improved over time and can better address the fact that 85% of spinal metastatic disease occurs ventrally in the vertebral body. 2, 6, 7 Surgical methods are now much more sophisticated and may include circumferential decompression of the spinal metastasis with instrumented stabilization. Indications for surgery, however, are not rigid, and include treatment for radioresistant tumor, spinal cord compression, progressive neurological deterioration, and previous radiation therapy. Perhaps one of the most consistently reported indications for surgery is spinal instability. One patient in our surgical series had myelopathic changes and a significant kyphotic deformity as a result of a multiple myeloma metastasis. In this situation, we feel that correction of a severe deformity compromising the spinal cord should be addressed surgically. For the majority of patients in our series, who had mild or no significant deformity and minimal cord compression without neurological deficit, radiation treatment alone was sufficient. The reported outcomes of surgical stabilization for spinal instability are usually based on reviews of a variety of systemic malignancies. It is clear that multiple myeloma must be considered uniquely. The diffuse nature of the disease, its detrimental impact on bone quality, and the resultant concerns for failure of spinal fixation were in fact what led us to use radiation therapy and collar immobilization in patients who ultimately experienced healing of their fractures. Given our results, it may be reasonable to attempt radiation to provide pain relief, even in the setting of radiographically documented instability, and radiotherapy may result in resolution of this instability.
Whereas this series evaluated treatment of multiple myeloma causing radiographically documented and clinical instability, the scenarios of metastatic epidural spinal cord compression or acute neurological deficit were not ad- dressed because they were not encountered in our patient group. These situations call for urgent treatment, including administration of glucocorticoids. In this setting, for certain pathologies, circumferential surgical decompression and stabilization has been advocated as providing a significant benefit. 19 This strategy for highly radiosensitive malignancies such as multiple myeloma remains controversial, however, with some surgeons recommending emergent radiation treatment and others calling for acute surgical decompression.
Results of other series have indicated that pain relief provided by radiation may be short lived, but these series included multiple pathologies. 21 Radiosensitive tumors, such as multiple myeloma, typically have a favorable, lasting response to irradiation for pain relief. 10 Our series confirms that radiation therapy for long-term palliation of pain is very effective for multiple myeloma metastases to the cervical spine. We did not, however, specifically address the medical management of pain in this series. Each patient had a unique regimen for pain, making it very difficult to control for the effect of pain medication. In addition, many patients had painful metastatic disease elsewhere, and were taking pain medication after treatment for the disease in their cervical spine.
Conclusions
Treatment of spinal metastases often involves radiation therapy, but surgical stabilization may also be required, particularly in the context of instability. This series suggests that for multiple myeloma, even in patients with an unstable pathological fracture, radiotherapy is effective for palliation and may, in select cases, resolve the associated spinal instability.
